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SUBJECT:  CONTINUOUS EXTRUSION OF
LEAD ALLOY CABLE SHEATH

To Members of the Lead Industries Association:

Attached is a przprint of & paper to be presented at the fall general
meetirg of the American Institute of Electrical Engineers at the Morrison
Hotel, Chicago, Illinois, on October 10, 1960.

This paper represents the successful conclusion of the research
program initiated by the Cable Sheathing Task Group of the Lead Industries
Association egeveral years ago in cooperation with the John Robertsom
Company, manufacturer of lead extrusion presses.

The purpose of the research was to develop a continuous extrusion
press which could successfully extrude the alloys camonly used for
cable sheathing in this country and thus help to produce better and
more econcmical cable.

The research project was originated by the Lead Industries Asso-
ciation in May, 1958, and carried to conclusion by the LIA Expanded
Research Program. ’

The LIA has purchased sufficient coples of this preprint to circulate
it to the proper engireers cnong codle producing and corsuming compenies.
Additicnal copies may be obtained from LIA by members at 50 cents per
copy as long as our supply lasts.
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DEVELOPMFNT OF A CONTIRUOUS EXTRUSION MACHINE
FOR SHEATHING CABLFE WITH LFAD ALLOYS

Schrade F. Radtke C. J. Snyder C. C, Childrcess
Mexber AIEE Non-menber AIEE Non-zember AIEE
INTRODUCTICH

Leed kardly needs an introduction as cable sheathing material. It has been videly
uscd 2s sheathing {or overhead and underground cable since vell before the turn of the
ceotury. Acong the recommendations for {t are many of the charecteristics which are
{unda=ental to good cable performance.

while nearly pure lead (alloys containing only & little silver or copper) is widely
used for sheath, better properties are oftcn obtained by alloying it vith other metals
in small percentages. Thus, nearly all of the lead gheath used in telephone service s
an antironial alloy; mucb of the lead sheath used for power cable is an arsenical alloy.
In tre conventional methods of producing cable, hovever, there are some problems in pro-
ducirg sheaths of thece lead alloys with higher percentages of cecondary constituents.

o appreciate this, one rust look into the methods of fabrication, One common
method uses the interuittent extrusion press., 1In this press molten alloy is cast into a
vater-jacketed cylinder and caused to solidify. Then a piston advances {nto the cylin-
der, czucing plastic flow, Thus the lead is forced into & die cavity and through the
ensulus between the die and the cable ccre, which is drawvn through bty the extruded lead
steath,

Teis tasically sizple scheme Las a nucber of dravbacks wvhich, while not of cajor
preportions individually, are often of controlling importance in specific applicatiovs.

Screv driven continucus extruders have also been used to sheath cable. Until the
aackires developed through this recearch, these have been confined to the softest lead
allcys-~silver-tearing lcad and scme types of copper-tearing lead (thuuch not all types
of scrow extruders will handle even this). Most of thc desirable alloys have a wide
meltirg range (up to abcut 50° F) tuich rakes attairment of a steady-state ccoling-
castirc-extrusicn balanc® quite precarious. !creover, the harder solidified alloy rc-
quires so cuch Jis~e for extrusicn that the screv cannot transmat {t smoothly for any
practical length of run. Attempts to extrude the alloy on these screv extruders re-
sulted (n stalling and Jerkiness. Even i the sheath wvas produced at all it vas usuale
1y unserviceable,

A problen of overvhelming i~portance in extruding lecad alloys continuously s
scgrecation of the alloyirg cawponents, As in zope i1efining such materials, the solid
is purer than the liquid with vhich 4t {s {n contact, Action of the scrcv advances the
purer solid, leaving behind a liquid containing more of the alloy corponent than the
solid contains, Under extreme conditicns regions bave been found vhich are more than
ten tises ricter in this cosponent than the starting material. Fven fairly short runs
have produced dross-1iki or metallic accumulations on the screv and other parts of con-
ventiomal serov extruders used to make scme alloy sheaths.
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Thus it can be scen that there is rocm for improvement in the process of producing
lead sheath. It is also obvious that vhile a continuous screw extruder would secm to
overcome the drawbacks of the intermittent press, until pov it has had shortcomings of
its own vhich bave made it altogether impractical for producing the most desirsole lead
alloy sheaths. This paper is concerned with the research which resulted in a successful
continuous extrusion machipe for these lead alloys.

DEFINING THE PROBLIM

As eorly as five years ago a t&sk group was formed vithin the Lead Industries Asso-
ciation to look into ways of improving lcad sheathcd cable. It vas apparent that alloys
existed which would provide better crecp strength and high tensile strength. Jut it vas
also evident that none of these alloys was entirely suitable for coantinuous or intere
nittent extrusion.

Therefore, the task group undertook two typea of research:

First, to find better alloys and alternmate lead materials for such uses., Four pro-
Jects in this direction are still active or alreedy successfully coepleted,

Second, rescarch to develop a continuous extrusion muchine capable of working
existing higher alloys of lead. A program similar to this bad been under cons{deration
by the John Robertson Campany of Brooklyn, K. Y. Work on the development, therefore,
wvas undertaken as a joint effort of LIA and Robertson,

DEVELOPING THY EXTRUDER

There are twvo principal types of continuous screw cxtrusion cachines. They are
conveniently described as horizontal and vertical screv cachines. The vertical screw
cachine was selccied as the most procising for this research,

The ccaventional vertical screv extruder has this general plan (Fig. 1): Lesd
alloy is melted in a kettle vhich will hold 9,000 pounds of lead. In the kettle it
patses tvo baffle plates which prevent dross from passing through the connection pipe
vhich feeds the extruler proper. Multen lead flows through the korizontal connection
pipe and enters the lower end of the scrow chacber. Just above the entrance the lead
alloy solidifies. Vertical grooves or flutes in the inrer wall of the screw chanber
prevent the s0lid lead tube from rotating vhile the {light of the screv causes it to
move upvards (in plastic fluw) as the screv is rotated. Exerging frum the top of the
screw charber the lead flovs into a dic hcad vhere the strean i{s split to flov past
both sides of a mandrel to rejoin at the top, forming a continuous tube, At this point
the configuration of the diec hLead forces the lead alloy td make a right angle turn,
flowing nov horizontally. The cable core is surrounded by the lead tube and carried
along by 1t.

Flectric beaters and cooling vater passages hold the desired tesperatures at
critical points along the route of the lead flow.

As Las been pointed out, this type of extrusion machine is capavle of producing a
8004 quality sheath from silver-bearing lead and soce grades of copper-bearing lead,
As carly as 1951 it vas tried on P-3 arsenical alloy but after a short run slippage
and stalling occurred, duc, prodadly, to .segregation.

In order to do & snooth Job with F-3 and the otber desirable alloys & complete
revision of the temperature control system was made, Not only vas a great deal of heate
ing and cooling capacity added to that of the conventional machine, but {t vas arranged
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80 that each small surface arca along the route of lead flov was brought under more
accurate coatrol.

Temperature Controls of the Extruder

Starting at the melting kettle there are tvo groups of electric heaters vith a
total heating capacity of 90 kv under the control of two thermocouples. One couple s
located at and controls heat to the input end of the kettle. The second, located near
the ocutlet, controls heating there. The outflov tecperature at the kettle 18 confined
to a narrov range by means of a’tempersture control instrument which swvitches the heate
ing elerments from delta to vye connections.

Leaving the kettle, lead flovs through a connection pipe with a 2 kv dayonet heate
er under control of a thermocouple near the exit end of the pipe. This pipe delivers
the lead to the lower end of the vertical screv chamber -- an inherently safe design
since ia the unlikely even? of failure of the six automatic temperature coantrols and
seven manually controlled cooling coils from this polat on, wolten lesd could oaly rise
to {ts level in the kettle vhich 1s safely belov the top of the screv chamder.

The 3crev bousing, about three feet long, is divided into three controlled heat-
ing zones. Electric heaters vi‘h a total capacity of 20 to 27 kv are carried in
zachined spiral grooves surrounding the housing and are controlled by three of the
efght thermocouples mouated in a vertical rov. In addition, there are five wvater coole
ing channels machined 1ato the housing vall. The vater flovw is coatrolled manually
according to a preset schedule by means of rotameters,

Suck elaborate provisfons for teszperature control bespeak a difficult heat pro-
tlem. Indeed, this is the case. Consider first that this extrusiocn machine must
perate vith a variety of alloys of varying melting ranges vhose metallurgical propere
ties are contrclled, in part, by their cooling and solidification rates. PFurthermore,
the soli{d alloy 1s forced to flow past the screv and screv housing vell surfaces
(approximately 5 sq. ft. {n all) solely by the force exerted by the screv. Under such
condi{tions a large part of the applied 50 hp is converted to heat by frictioa. Coa-
trol of temperature in the screv charker {3 the most critical requirement for & success-
ful operatioa.

Nov the leed is foerced to flov into the die head (tself. Here again there are
tvo vater cooling circuits and tvo of the three thermocouples {n the head control heate
ers at the top and botioa of the assexbly. First the lead flovs over & complex mane
drel which forms the {aner surface of the sheath. Exerging from the end of the mag-
drel it passes Gver a core where the pipe is formed and then through a water-cooled
die which regulates the thickness of the sheath. Most of the cooling in the die dlock
18 accomplished by the two Jowver waler cooling coils under rotameter control. These
rexove the heat generated by friction in the die bluck and hold the temperature to
adout 45C° F. W{thout this cooling the die block temperature would rise to about

S60° P,

The die block and mandrel used in this mechine are quite similar to those used ia
the intermittent press, although they lie In a1 {nverted position since lesd is fed
from beneath rather than froa above.

Altemate Dieheads
Alternate die dlocks cf the sizes shovn can be used interchangeedly oca the

pachine to mest any maximus cadble dlameter up to 5 in. Required heating capacity ia
the die head for temperature control there depends on the siie of cable to be sheathed:
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Schedule of die block sizes and heating requirements

Cable size Die dlock size Heating required
up to 2 {n. OD 7 in. 20 kv

up to 3 9 3

u to b 1 ko

up to S 12 ¥

Epecifications of the Mechine

Development work on this extrusion machine was carried oa vith a 50 hp 1750 rpa
motor. While this was workable, experience has shown the desirability of more power and
e 75 hp motor was installed on the prototype. Proposed larger units will be povered by
100 hp motors. In steady operatiocn, the combination of heating and driving power for
extrusion of sheath on 2 in. cadle will average sbout 120 kw.

The motor is mounted vertically beside the screv housing (Fig. 2) and drives the
screv through & 70 to 1 gear reduction train. Both gears and thrust bearing are force
lubricaoted and cooled by ofl.

The prototype's screw housing was drilled and piped with wvater cooling circuits and
flexible hose connections (Fig. 3) to permit 35 cooling combinaticns. As a result of
this research, present commerci{al units are equipped vith six cooling combinatioans which
provide all of the flexibility necessary. The hcusing carries a liner with from 21 to
42 vertical flutes to prevent rotatfon of the lead by the screv. There are cight thermo-
couple locations in the housing and three electric heaters to be controlled from three
of the thermocouples. In addition there are heating elements in the base of the housing
vhich are also to be controlled by the thrust bearing area thermocouple.

Cooling of the screw housing is coatrolled by five rotameters calibra:sd to the
nearest 0.0l gpm vith & maxicus flov of 0.11 gpm to govern flow of cooling water through
the five cooling circuits vithin the housing vell. Die head and die cooling are
achieved by similar cooling wuter passages and rotameter coatrol. ’

Instrementation 1s divided into three parts. All temperature indicators and con-
trollers are located on a main panel (Fig. 4). These include the folloving:

1. lead melting kettle == two off-on controllers switching the heat circuits from
delta to vye (90 kv capacity)

2. connectioa pipe -- one off-on controller for 2 kv bayonet heater

3. screv housing =« four off-on controllers with fndividual control of four heate
ing rones starting belov the point of {ntroduction of the lead and extending
to tha top of the housing (20 to 27 kv combined) )

&, die block == two proportional controllers for scparate control of top and
bottoa temperature of the block (capacity varies with size)

In addition there is a seven-point scannin, swvitch for checking the temperature at
other thermocouple points.
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The second group of instruments is the cooling control section. This is made up of
seven rotameters, ecach vith a range of 0.0l to 0.1l gpm.

The third group of instruments measures a variety of other cperating variables: €
1. cable speed recorts; - O to 150 fpm
2, motor load -- indicating end recording ammeter
3. motor speed -- indicating and recording tachometer
4, running time recorder
5. watt-hour meter
6. associated oil and vater pressure gages
PROVING THE METHOD

After the nev extrusion machine hed been designed and built, it was first tested
wvith common desilverized lead (ASTM Spec B-29 -- Pig Lead), the material commonly ex-
truded by existing “contiruous”™ machines. In alddition to allowing the mechanical operse
tioa to be checked, this provided s test of the temperature control systea.

Since the operation and efficiency of this type of machine is depsndent oa differ-
ential cooling, in somevhat the sane wvay as any continuous casting of metals operatiom,
small temperature adjustments at varicus points can have incommensurately large effects.
Continuous extrusion recezbles any continuous casting of metals except that, in addi-
i tion to the casting of a solid continuous ritbon, the casting must finish at a suitadle

hot working temperature and sufficient force must be applied to the ridbon to extrude

it through a die {nto a tube. When operations were adjusted to a point vhere common c
lead was extruded iato 2 in. diameter pipe at the comparatively rapid rate of 85 1b per
jl minute, the machine was considered operational and the experimental work on lead alloys
vas corcxenced.

Extrusion of Arsenical (F-3) Alloy

F-3 alloy arsenical lead wvas the first alloy tried in the nev press. Considerable
experimental development of operating techniques wvas needed, because extrusion of the
alloy was slow, erratic, and unsuccessful through the first tvwo months. Eventually,

i hovever, a favorable combination of heating and cooling circuits was found to overcome
the solidification range of the alloy, as contrasted vith the sharp melting point of
desilverized lead. After this progress was 1apid.

Refinement of controls and experience {n operation finally made it possidle to
stop and start the extruder at vill and rapidly bring it tc a steady extrusion rate of
about 35 1b per minute. Faster operation vas cdbtained at times -- as, for example,
one run of 5-1/2 hours vhere a steady output of 52 1b per minute wvas recorded.

Factors limiting output appeared to be roughness or checking of the sheath sure
face from excessive temperature of the alloy as it came through the &die. High speeds
also causcd slippage or momentary hesitation of the output. The excessive temperature
problen wvas similar to the di{fficulty in extruding arsenical lead too fast f{a a hydraue
14c press, Thus it 1s not a difficulty solely atiributadle to the screv.type extruders.

. o oy
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] @ Means of lowvering of the die block temperature and development of & vater cooled die
3 had been vorked out by the end of this phase. These, in turn, increascd the force neceded

for extrusion, and increased the occurrence of slippage which overloaded the 50 hp motor
drive. To check this di{fficulty, the press vas dismantled during the experiments and the
screv was examined for segregation, alloying, or pitting. Its surface wus found to be
clean and smooth except for onc small area at about the middle of its length vhere a lump
of alloy adhered for no apparent reason. The slippage was, therefore, judged to de
caused by friction.

Provision was then made for injection of sodium stearate into the lead feed pipe
wvhere it would be carried into the screw flight as a lubricant. Injecting of a fev grams
[ of sodfum stearate every 2 or 3 hours storpred the slippage. This required halting the
', extrusicn for 10 to 15 minutes each time, however, and often resulted in the production
{ of tiny flakes of dross~like inclusfons scattered along the surface of the next 50 ft of
: pipe extruded. (It is possible that injection of a gram every 15 minutes vithout stope
ping cculd be arranged for non-stop operation.)

vy

Extrusion of F-3 olloy was started about November 1, 1958, After almost constant exe
trusion up to about April 8, 1959, during vhich time the metal had been extruded and re-
meited pany hundreds of times, it wvas thought that the metal might be darty, so the
kettle wvas drained and refilled vith nev metal. The new metal had no effect on the opera-
1 tion and control of the extrusioca.

Samples of pipe vere selected froa extrusioa on 12/18/58, and agaia on 1/30/59,
analyses of which are shovn in Table I. Dip samples of alloy from the 3 compartments of
the electric melting kettle feeding the extruder wvers taken on 1/30/59. Although the
kettle had not been skimmed from 11/1/58 to 1/30/59, there vas no appreciable dross accu-

@ milation except about 1/16 in. on the outlet compartment, which wvas also sampled.

n

3 Table I
A ===
F-3 ALLOY - CHEMICAL ANALYSES

; Pipe Pipe

3 Sample Sarmple Xettle Samples of 1/39/59

“ of of Melting Middle Outlet
Required 12/18/58 1/30/59 Compartment Compartment Comopartment
0.10 to 0.20 Arsenic, $  0.127 0.140 0.132 0.133 0.130
.05 to .15 Tin, % 097 109 .18 216 105
.05 to .15 Bismuth, § .06 .06 W06 06 .06

) .0l Max. Antimony, § .005 <005 £.005 £,005 £,005
.0l Max.  Copper, $§  £.005 4005 & 005 £.005 £:005
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Tuble II
¥-3 ALLOY - TENSILE & BEND PROPERTIIS e
Tensile Elong. 933.32:41
Strength in 2.15 in. IPCEA
psi ] Bender
Samples of 12/18/58
1. Pipe cut after b mtnutes extrusicn @ 23 1bv/min 2280 30.0 -
2. Pipe cut after 19 minutes extrusion @ 30 1b/min 2305 ¥%.6 -
3. Pipe cut after 30 minutes extrusion @ 35 1b/min 2270 29.0 -
k. Pipe cut sfter 35 minutes extrusion @ 35 1d/min 2330 33.% -
5. Pipe cut after 90 minutes extrusicn @ 42 1b/min 228S 39.9 39 to 55
(vith slight vater cooling on die)
Samples of ll 20[22
6. Pipe cut after ¥ minutes extrusica 8 35 1b/min . 283 211 &S to 51
7. Pipe cut after 45 minutes extrusica @ 3% lb/min 2240 27.h 5 to 51
8. Pipe cut after 60 minutes extrusion @ 35 1bv/min 2180 4.6 k1l to S1 6

NOTE: Tensile specimens vere machined rings vhich were pulled over
oval shaped pins for gripping vith a cross head speed of 0.5
in. per minuts.

The grain structure of ring-shaped cross sections of all the various F-3 slloy pipe
samples appeared similar <o that of any lead sample produced oa a screw-type extruder,
except for & soaller grain size., There vere shadovy patterms of flow lines present ia
the sides of the tube wvall, ending in "tongues” near the top and bottom of the section.
These flov lines appear to be produced by the joining of successive flights of cast
ritbon as it leaves the screv and is compressed into a s0lid mass 1in the die dlock.

Tiny particles of oxides, vhich form on the surface of the riddon as it slides up the
screv, are found in some of the flov lines. (The tongue-shaped pattern {s produced by
flov of the lead in the die dlock, as it splits over the bridge and core tudbe and welds
together again to form & pipe.) %he flov lines are never severe enough to restrict
grain growth across them and, therefore, should be harmlecs to mechanical performance of
a cable sheath.

Less noticeable vere the die velds caused by the dfe blcck. Streaks of patterns
that could de attributed to alloy segregation ia the structure were absent. Exazples of
r-3 alloy pipe grain structure are shown i{n the micrographs.

Figure S shovs the general structure of sample §3 (Table II). The ring in the
center shovs & vhole cross section and the micrographs show the areas to vhich they are
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tangentially mounted, at a magnification of 20 diameters. The section was etched rather
deeply to bring cut the flov lines and the surface got a little rough, but {t shovs the
rather uniform grain and the lack of segregation.

Figure 6 shove the general structure of sample §3. Both these samples exhibit a
high contrast well defined grain characteristic of air cooled soft F-3 'alloy.

Figure 7 shovs the structure of sample #5 at 250 diameters. The surface was micro-
tomed and lightly etched for this examination, and shows the rather fine, almost indis-
tinct grain boundaries characteristic of arsenical lead, vith no film of oxide or other
segregation in the grain toundarfes. The scattercd small black particles are some forn
of arsenic precipitated from solution by the slow cooling.

Figure 8 shovs sample 43 after laboratory heat treatment. The appearance of the
flov lines becane more noticeable after heat treatment. This is not a segregation of
alloying elements, but rather an agglomeration of the tiny oxide particles. All these
samples were collected before the use of sodium stearate was begun.

After about § months of experimenting and over 150 hours of actual extrusion, dur-
ing vhich there vere some all day runs of pipe, it vas felt that ail difficuliles were
pretty vell overcome. It appeared that the continuous extrusioa of PF-3 alloy {n the new
extruder was under control and would be commercially feasible. Discovery of the use of
sodium stearate in tests during the latter part of this work appeared to be a big step
in keeping the screw clean and maintaining steady operatioa.

On April 8, 1359, tvo 4J-ft lengths of 3/C SO0 MCM 15 kv solid type paper cables
vere sheathed. Sodium stearate wvas injected into the extruder, vhich was then brought
up to a speed of 9 fpn for 8/64 {a. wmll 2.31 {n. 0.D. sheaths (32 1b/min), and the
cables fed into the die block one after the otner. The die block vas held at 450° P and
a small ancunt of vater cooling vas used on the die, but no vater cooling oa the cabdle.
The extruder ran vithout hesitation and a smooth tight sheath wvas obtained. The opera-
tion appeared rwutine. :

Results of chemical and mechanicsl tests on this sample are listed in Table III.
Table IIX
F=3 ALLOY CAELE SHEATH

Chemical Analysis Tensile Properties
Afver Heat
As Extruded Treating
Arsenic, $ 0.150 Ultimate Strength, pet 2,475 2,820
Tn, $ 101 EFlongation, % {n 3.10 in. 2.2 L1.5
Bismuth, $ .10 ¥o. of 90° Bends (vith IPCEA 35 to b7 17 to 33
Bend Tester)
Copper, $ .00 Concentricity, % 9.8 -

Tensile strength of the sheath vas & little higher tran that of the pipe, but the
water cooled die did not have & quenching efrect oa the alloy. The sheath material ree-
sponded well, hovever, vhen a sazple wvas subsequently quenched from a suitable working
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temperature in the laboratory. Therefore, quenching wvas considered unimortant for the
present experiments as suitadble quenching could be provided, 1f desired, ian a commercial
installation.

Since high fatigue strength in bending is the most important characteristic of
arsenical lead sheaths, a length of cable was fmmediately tested in the machine described
by Hickernell, Jones and Snyder with he folloving results:

Movement Actual Strain Cycles to Increase in [dameter
Inches E Failure
1-1/2 0.2k 21,k32 1.5

2 -390 13,618 b3

These data compare well vith the data presented {n the above publication, and with
subsequent data on file. The "contimuously extruded”™ F-3 alloy cable sheath thus pose
sessed fatigue strength similar to F-3 slloy sheath made with & hydraulic press.

The grain structure of the sheath sample vas not as uniform as that of the pipe, but
the same effect is experienced with sheathing extruded from a hydraulic press. The flovw
lines are a bit more prominent than in the pipe, perhaps because of the sodium stearate
lubrication added Just prior to extruding the sample. Ko mechanical veakness vas appars
ent.

Although no creep test data are available, it certainly sppeared that this cable
cheath had the characteristic chexical, metallurgical and mechanical properties of ¥-3
alioy cable sheath and was a satisfactory commercial product.

Extrusion of "Habirloy" Arsenical Alloy

"Hnabirloy” arsenical lead ulloy wes then extruded into pipe with the nev extruder,
Since the machine operated vell vith nearly the same control settings as used previously
wvith F-3 alloy, no difff{culties vere experienced. Both the sodiur stearate lubrication
and the vater cooled die and die dlock were used during extrusion. Extrusion cpeed was
similar to that for F-3 alloy, vith perhaps slightly less powver required.

A saxgle of pipe froa this material wvas analyzed with the results listed i{n Tabdble IV.
Table IV

HABIRLOY PIPE DATA

Chemical Analysis Tensile Properties

Arcenic, $ 0.12 Ultimate Strength, psi 2250

Ta, % .09 Elongation, % 1a 3.03 {a. %.0

Bisouth, $ .01 No. of 20° Bends (vith 39 to &7
IFCEA Bender)

Copper, $ ° .025 Concentricity, % 93.3

The grain structure of a cross sectisn of this pipe had a characteristic appearance
similar to that of P-3 alloy.
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Although only about 17 hours of actual extrueion time were devoted to this alloy,
the ease of operation indicated that commerci{al extrusion should be practical.

Extrusion of Tellurfum Alloy

"Tellurium Lead” arsenical lead alloy waa next extruded. The machine started easily
under the same control settings as used for the other arsenical lead alloys, but more
force sppeared necessary to maintain extrusion and the output wss not as steady as that
of previous runs.

A sample of pipe from this material vas analyzed, with the results listed in
Tadble V.

Table ¥

TELLURIUM LEAD PIPE DATA

Chemical Analysis Teneile Properties

Arsenic, ¥ 0.185 Ultimate Strength, psi 225

Tin, % .12 Elongaticn, % i{n 3.09 {n. k1.5

Tellurium, $ .08 Ko. of 90° Bends (with 23 to 49
IPCEA Bender)

Bismyth, $ .12 Concentricity, % 97.3

Copper, $ .00

The grain structure of a crcss section of th.is pipe appeared different from those of
the other arsenical leads. Various methods of etching vere tried but the result vas the
same. In addition to the usual pattern of flov lines, certain arcas in the sides of the
sect{oa always becaze pitted and darker, and dark radial bands shoved at the top end
bottoe die welds.

. It vas noted that these dark areas gave sowevhat lower bend test results than the
lighter areas, although the average elongatioa on a tensile test wvas very good. Based on
about 20 hours of actual extrusion, the machine should be able to extrude this alloy.

Extrusion of Antimonial Alloy

Antimony lead alloy wvas then extruded. The machine started very easily vith the die
bLlock at 450° F, and its operation vas very eteady, but the output was lover than for the
arsenicel alloys vith the power availadble. More power wvas definitely required for this
alloy. The pipe extruded at only 25 to 28 lb per min wvas noticeably smoother. Whether
this alloy would have given trouble with roughness at the die vhen extruded at 35 to 45
1b per min, as the arsenicals did, is uncertain.

A sample of pipe from this satarial vas analyzed vith the results listed in Table VI.

I i i s o e
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Table VI
ANTIMONY LEAD PIPE DATA
Tensile Properties
Tens{le Strength, ps{ 3155
Elongation, $ 1n 2.67 ia. ¥B.1
17 to 29
Conceatricity 95.8

Chemical Analysis
Antimony, $ 0.9

Copper, $ Ol

Biemth, §  .068 No. of 90° Bends

Arsenic, § .00

1 The grain structure of a cross section of this pipe sppeared different from those of
the arsenical leads because of the different etching characteristics of antimony lead. It
sppeared that the pipe had a rather uniform grain except for the die veld aress. The flov
line pattern vas similar to that found in the other alloy pipes. The dark areas around
the tips of the flov lines probably indicate some precipitation of antimony rather than
segregation. This drastically affects the etching properties of the alloy. It may be
that faster extrusion or nadjustzent of the cocling circuits wuld have overcome this.

1 il was noted from the bend test data that these dark areas were not as plastic as the
lighter areas although the average elcngation ian a teasile test was good. The lover avere
age nusber of bends vas to be expected, of course, because of the higher strength (and
hardness) of this alloy.

Although only about 10 hours actual extrusion tize vas spent becsuse of lack of powver,
it appeared that with a 75 hp motor, this machine should be able to extrude this alloy
satisfactorily in commercisl operation.

Extrusion of Other Alloys

Chemical lead wvas then extruded with the special machine. Although this type of lead
1 18 reputedly more difficult to extrude with this type of machine than the acid-copper
lead, it was extruded freely under the same operating conditiocas as used for the arsenical
alloys. With the use of sodlum stearate injections, 0o build-up of copper on the screw
vas noted in the short time of operatioa.

] A sample of pipe from this material was analyzed vith the results listed in Tadle vII.
Table VII
CHEMICAL LEAD PIPE DATA

1 Chemical Analysis

Copper, $ 0.057
Bismuth, $ «000
Silver, § 005
Nickel-Cobalt, §

Tensile Properties
Tensile Strength, psi 1930

Elocgation, % 1a 3.11 {a. 30.8
No. cf 90° Bends §lto Sl
Coaceatricity, % 9%.2
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The grain structure of & cross section of this pipe was rather uniform and showed
only faintly the usual pattern of flov lines formed by the extruder.

The grain size wvas larger than would be expected of the alloys.

Acid copper lead was not extruded with the newv machine because it is satisfactorily
extruded by several cable makers with a similar vertical screv machine of conventional
design in regular comercial operation. Since it vas obvious that the nev machine would
extrude this lead alloy satisfactorily, it vas not tested. A sample of the cable sheath
wvas analyzed, however, for comparison vith the other raterials. These data are listed
{n Table VIII.

Table VIII
DATA FROM ANALYSIS OF ACID-COPPER LEAC CABLE SHEATH

Chemical Anslysis Tensile Properties

Copper, % 0.065 Tensile Strength, psi 1805
Blemuth, % .01 Elongation, % in 2.5 in. 35
Antimoay, $ .00 Mo of 90° Bends 39 to A3
Tin, $ .00 Concentricity, $ K.

The grain structure of a cross section of this cable sheath was very uaniform, but
the typical pattern of flov lines formed by a screv-type extruder vere present. In fact,
it appeared that the flov lines vere more numerous, which of course might be expected
from our explanaticn of the cause of these markings on an etched metallographic specimen,
The standard vertical screwv extruder has a 12 flight screv as compared to the 9-1/2
flight screv in the special experimental machine. The joining of successive flights of
cast ritbon as it leaves the screv and is compressed into a solid mass in the die block
leaves wvelds that can be disclosed by polishing and deep etching. When these velds are
free from oxides and segregatica or second poase materials, they appear to have no effect
on the mechanical properties of the sheath, as shovn by the very uniform dend values and
good elongation in tension for most of the sesples.

CONCLUSIONS

The formal testing and development work on & continuous extrusion machine for &l
desiradle lead alloys for cable sheath has been completed. The results have deen satise
factory and the machine 16 nov in coomercial use. It 1s believed that all the funda-
mental problems have been adequately solved and that any future changes in the desiga or
methods of cperation vill be concerned cnly vith marginal aress such as reduction of
maintenance or reducing the investment needed for continucus sheath extrusion.

In revieving the previocus difficulties of producing superior lesd cable sheath the
most obvious conclusion to be dravn froa this work is that it 1s nov possidle to coa-
tinuously extrude cable sheath of any lead alloy commonly used. Since operation is coae
tinuous, it requires a minimum of setting up and supervision. And vithin the normal
range of industriel usage, the equipzent {s safe and coavenieat.

Since the cable is produced contintously thers are no press wvelds or periodie
changes i{n the sheath. Indeed, the sheath rhcvs & remarkable uniformity both in {te
gross aspects and under close metsl . uTiiias exaaination. Of primary importance is the

s T Gaed Diaa i ot o e s
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fact that this 16 true of the concentricity of sheath and core. Production runs of cable
to have 0.090 in. sheath have consistently tested 0.090 to 0.093 {n.; {n runs vhere a (
minimum of 0.082 in., wvas the specification, the results were 0.082 to 0.0831 in.

wWhile the continucus extrusion machine has not yet bLeen extensively used for sheath-
ing cable erploying polyethylene and other insulation vhich degrades at high temperature,

the very fact that this unit keeps the cable moving continuously is a step tovards a
foolproof method of doing this.

Beyond the original goals of the program {t has been found that the alloy of the
sheath is much cleaner and much more free of oxides than that produced on any convention-
al sheathing equipment. This should mean that catle prcduced by this method will have
an unusually good service life since there are no weak points for physical or corrosive
attack. It will be several decades before sufficient data accumlite to prove this polat.

L —y o g aTTye -

CAPTIONS FCR ILLUSTRATIONS

Figure 1 -- An overall schematic of the continuocus lead alloy cable sheath extrusion
machine. In general plan it is similar to conventional horizontal screvw machines. The
principal changes have been a modified screv and screv housing, increased pover, ani the
temperature measuring and control equipment. (The di{e head has been rotated through 90

in this schematiec. Actually, the cable core is fed from behind the plane of the i{llustra~
'.‘. tion and the sheathed cable emerges toward the reader.)

T Y

Figure 2 -- The contiouous lead alloy sheath machine installed at the Yonkers plaat of
Phelps Dodge. Melting kettles are at left, the screv boullng at center and the drive
1 motor is at right.

T R R

Figure 3 -« This wvas the experimental set up for temperature coatrol of the screw housing. &
Connections for heating, cooling, and monitoring temperature are shown. Though this

elaborate control system was necess for the research, production equipment nas been
considerably simplified {see Figure 2).

Figure & -~ The control panel. At left, all temperature controllers and {ndicators.
: Rotameters and wvater and oil gages at center. Recorders of unspemwre, production rate
i and associated motor control equipmeat arc at right.

: Figure 5 -- A sample (f3--see text) of F-3 slloy extruded by the machine. A wvhole cross
? section of the sheath is showvn with micrographs of the wall adlacent to the sections of
the sheath from which they cane. Note the rather uniform grain structure and absence of
segregation. Actua) sheath diameter is 2 in.

Figure 6 «~ Another sample (f8--see text) of F-3 alloy lhea‘t.h produced by the machine.
Cozpare this vith Figure

9 Figure 7 -- A much enlarged ricrograph of F-3 alloy sacath produced by the machine. The
actual dimensions of the area shown are 0.013 x 0.017 1n. (the micrograph vas made st
X250). GCrain bdoundaries are rather fine and almost fndistinct as i{s charmacteristic of
arsenical lead. Ko oxide film or segregation fs evident at these boundaries. The
scattered black particles are some form of arsenic precipitated by the slov cooling.

Fgure 8 -- The sane sarple (#3) of F-3 alloy shown in Figure § after laborstory hest
treatment to biing out the flov lines. These lines are not due to segregatioa of the
alloying elements but to sgglomeration of oxide particles.

R
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Fig. 4. Master Control Panel for
Extruder
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Fig. 5. Grain Structure of F-3 Alloy

2" 1.D. Pipe Sample No. 3

Fig. 6. Grain Structure of F-3 Alloy
Pije Sample Ko. 3
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Pig. T. Micrograph F-3 Alloy Sheath
Sample No. 5 250 X

Fig. 8. Crain Structure of P-3 Sheath
Sample No. 9 After Laboratory
Heat Treatment
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